IMPORTANCE Neoadjuvant chemotherapy (NC) is increasingly being used in patients with breast cancer, and evidence-based reports related to its independent effects on morbidity after mastectomy with immediate breast reconstruction are limited.
motherapy can downstage the primary tumor and axillary metastases, offering a less morbid surgical approach and treatment. 2 Neoadjuvant chemotherapy also allows for realtime monitoring of the tumor's response to therapy in vivo, with the ability for real-time adjustment of treatment. 3 Overall survival and disease-free survival are equivalent between NC and adjuvant chemotherapy; therefore, any patient expecting to undergo systemic cytotoxic treatment can be offered NC and benefit from such advantages. [2] [3] [4] [5] However, the effects of NC on postoperative morbidity are not well established. On the basis of anecdotal evidence, most surgeons believe that NC greatly increases postoperative morbidity, in particular surgical site complications. Therefore, we sought to investigate the morbidity profiles and postoperative outcomes of patients receiving NC after mastectomy with or without immediate breast reconstruction. Several single-institution series [6] [7] [8] [9] have examined the postoperative effects of NC on mastectomy and immediate breast reconstruction, all finding no increase in morbidity. However, these studies were limited by relatively small sample sizes at single academic institutions and did not fully adjust for major confounding. Neoadjuvant chemotherapy reduces perioperative morbidity in senior patients (those 70 years or older) with advanced-stage ovarian cancer 10 and decreases major complications in patients with metastatic colorectal cancer.
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In addition, NC does not increase morbidity and mortality in patients with gastric cancer. 12 The effect of NC on postoperative morbidity is being actively investigated among several disciplines. The purpose of this study is to determine the effect of NC on 30-day postoperative morbidity in women undergoing mastectomy with or without immediate breast reconstruction using the American College of Surgeons National Surgical Quality Improvement Program (ACS-NSQIP) database. 13 Specifically, our primary aim was to determine whether exposure to NC before mastectomy with immediate breast reconstruction increases postoperative morbidity. In addition, we explored the effect of various comorbidities on the association between NC and postoperative outcomes. By using an internationally validated, multi-institutional, prospective, risk-adjusted, outcomes-based registry, we were able to examine a large, diverse population of women.
Methods
In accordance with The Johns Hopkins University guidelines (which follow the US Code of Federal Regulations for the Protection of Human Subjects), institutional review board approval was not needed or sought for our analysis. Data were collected as part of quality assurance activity by the ACS-NSQIP project, and we received deidentified data only. All patients underwent a written informed consent process before their procedure(s). We analyzed data from women undergoing mastectomy with or without immediate breast reconstruction in the 2005-2011 ACS-NSQIP databases. Participants in the ACS-NSQIP databases include more than 250 university and private hospitals within the United States, Canada, Lebanon, the United Kingdom, Saudi Arabia, and the United Arab Emirates. The database records demographic information, preoperative characteristics, and perioperative complications. 14 
Patient Identification
All women undergoing mastectomy with and without breast reconstruction from January 1, 2005, through December 31, 2011, were identified using the following Current Procedural Terminology codes for breast reconstruction : 19160, 19301, 19162, 19302, 19180, 19303, 19182, 19304, 19200, 19305, 19220, 19306, 19307, 19240 for partial or total mastectomy and 19340, 19342, 19357, 19361, 19364, 19366, 19367, 19368, and 19369 (eTable 1 in the Supplement). Patients with 2 simultaneous Current Procedural Terminology codes, 1 signaling mastectomy and 1 signaling breast reconstruction, define the immediate breast reconstruction population.
Outcome Definitions
The ACS-NSQIP database collects morbidity events that occur within 30 postoperative days. Overall postoperative morbidity was predefined as follows: superficial and deep incisional surgical site infection (SSI), organ space SSI, wound dehiscence, pneumonia, unplanned intubation, pulmonary embolism, more than 48 hours of ventilatory assistance, progressive renal insufficiency, acute renal failure, urinary tract infection, stroke or cerebrovascular accident, coma of more than 24 hours, cardiac arrest, myocardial infarction, bleeding requiring transfusion, prosthesis or flap failure, deep vein thrombosis requiring treatment, sepsis, septic shock, and return to the operating room within 30 days. Surgical site morbidity included superficial and deep incisional SSI, organ space SSI, wound dehiscence, and prosthesis or flap failure. Systemic morbidity includes variables from the overall postoperative morbidity definition, excluding surgical site morbidity variables.
Statistical Analysis
Data management and analyses were performed with STATA/SE statistical software, version 12 (Stata Corp). Odds ratios (ORs) that reflect 30-day morbidity were estimated using a multivariable logistic regression model that compared patients receiving NC with those who did not receive NC for each surgical procedure type. We used a model-wise approach and adjusted for clinically and statistically relevant confounders. 
Results
We identified 85 851 women who underwent mastectomy with or without immediate breast reconstruction, of whom 77 958 had NC data. Demographic, preoperative, and operative characteristics are given in Table 1 . The mean (SD) age of all patients was 58.5 (13.3) years. Patients receiving NC were more likely to be younger, smokers, inpatients, anemic, and taking corticosteroids for a chronic condition. In addition, they were more likely to have a higher body mass index (calculated as weight in kilograms divided by height in meters squared), open wounds, central nervous system tumors, bleeding disorders, weight loss of more than 10% in the previous 6 months, disseminated cancer, radiotherapy in the previous 30 days, and abnormal laboratory values. They were also more likely to undergo higher work relative value unit procedures. Moreover, they were less likely to have undergone an operation within the previous 30 days; to have a history of angina, peripheral vascular disease, severe chronic obstructive pulmonary disease, transient ischemic attacks, cardiovascular accident with neurologic deficit, or composite cardiovascular, respiratory, and neurologic morbidities; to have undergone a previous percutaneous coronary intervention or previous cardiac surgery; to have hypertension that required medication; to currently be receiving dialysis; and to be alcohol drinkers. Finally, patients receiving NC had longer operation times (eTable 2 in the Supplement provides the complete demographic data).
The population that underwent mastectomy without breast reconstruction included 66 593 patients (77.6%), with 2876 (4.3%) receiving NC. The population that underwent mastectomy with immediate breast reconstruction included 19 258 patients (22.4%), with 820 (4.3%) receiving NC (eTable 3 in the Supplement). Of 66 593 patients who underwent mastectomy without breast reconstruction, 7162 (10.8%) experienced morbidity, and of 19 258 patients who underwent mastectomy with immediate breast reconstruction, 2272 (11.8%) experienced morbidity (eTable 3 in the Supplement). Stratified by NC status, of 2876 patients who underwent mastectomy without breast reconstruction who received NC, 267 
Univariable and Multivariable Analyses
Univariable analysis indicated that NC was significantly associated with a lower overall morbidity in the group undergoing mastectomy without breast reconstruction (unadjusted OR, 0.80; 95% CI, 0.71-0.91) and had no significant effect on the immediate breast reconstruction group (unadjusted OR, 0.98; 95% CI, 0.79-1.23). This association persisted after extensive adjustment, revealing that NC was significantly associated with lower overall morbidity in the group undergoing mastectomy without breast reconstruction (adjusted OR, 0.61; 95% CI, 0.51-0.73). Neoadjuvant chemotherapy appears to have a protective effect on immediate reconstruction; however, this finding was not statistically significant (adjusted OR, 0.69; 95% CI, 0.47-1.04). The entire population receiving NC had decreased odds of morbidity compared with the patients not receiving NC after univariable (unadjusted OR, 0.84; 95% CI, 0.76-0.94) and multivariable (adjusted OR, 0.64; 95% CI, 0.54-0.75) analyses (Table 2) .
Subgroup analyses revealed that NC was significantly associated with decreased odds of overall morbidity in the TE subgroup (adjusted OR, 0.49; 95% CI, 0.30-0.84), whereas the implant subgroup (adjusted OR, 0.96; 95% CI, 0.33-2.78) and the flap subgroup (adjusted OR, 1.15; 95% CI, 0.52-2.54) had no significant effect (Table 2) . Overall morbidity was divided into surgical site vs systemic morbidity. Patients receiving NC had the same odds of local surgical site morbidity as non-NC patients (adjusted OR, 0.84; 95% CI, 0.65-1.09) ( Table 3 ). The same effect was observed when all patients were grouped into patients undergoing mastectomy without breast reconstruction (adjusted OR, 0.78; 95% CI, 0.58-1.05) and patients undergoing mastectomy with breast reconstruction cohorts (adjusted OR, 0.94; 95% CI, 0.53-1.64). However, NC was associated with decreased odds of systemic morbidity (adjusted OR, 0.59; 95% CI, 0.49-0.71) ( Table 4) . Mastectomy without breast reconstruction (adjusted OR, 0.59; 95% CI, 0.48-0.72), mastectomy with breast reconstruction (adjusted OR, 0.57; 95% CI, 0.37-0.88), and TEs (adjusted OR, 0.41; 95% CI, 0.23-0.72) were all associated with decreased odds of systemic morbidity. The predictors of overall 30-day postoperative morbidity in 59 623 patients undergoing mastectomy without breast reconstruction and 16 742 patients undergoing mastectomy with breast reconstruction are outlined in eTable 4 and eTable 5 in the Supplement. 
Discussion
Our study indicates that NC significantly reduces 30-day postoperative morbidity in women undergoing mastectomy without breast reconstruction and in women undergoing mastectomy with TE breast reconstruction. In addition, NC is associated with decreased systemic morbidity in patients undergoing immediate breast reconstruction, when grouping all immediate TE, implant, and flap patients together. On subgroup analysis, NC does not affect the 30-day postoperative morbidity in the subgroups of patients receiving immediate implants or immediate flaps; however, the sample size of these individual subgroups may be too small to infer equivalence. Overall, our study supports the safety profile of NC in women undergoing mastectomy without immediate breast reconstruction. After subgroup analysis, we found NC to be associated with decreased morbidity in the immediate TE breast reconstruction subgroup. After morbidity was stratified into local vs systemic complications, NC was associated with significantly reduced morbidity in the systemic immediate breast reconstruction cohort. These findings indicate that NC may affect systemic morbidities more so than local surgical site complications among patients undergoing breast reconstruction. Future objectives should evaluate whether chemotherapy is a significant predictor of morbidity in the setting of more complete transfusion, alcohol, and previous operative data. Nevertheless, after adjustment for critical confounders, NC was associated with lower morbidity in the immediate TE breast reconstruction subgroup, especially for systemic complications.
Although NC is equivalent to adjuvant chemotherapy in terms of disease-free and overall survival outcomes, trends were observed in favor of NC over adjuvant chemotherapy for women younger than 50 years. 5 In fact, NC offers patients valuable benefits. A course of NC can shrink 80% of primary breast tumors. 16, 17 Decreasing tumor size allows more patients to undergo breast-conserving therapy, including a smaller lumpectomy, resulting in shorter operation times, shorter hospital stays, and superior aesthetic outcomes. 16, [18] [19] [20] The increased eligibility for breast-conserving therapy is especially important in patients who present with locally advanced cancer and in whom the ratio of tumor to breast size dictates unmanageable excision with unacceptable cosmetic results. Moreover, the second-generation randomized clinical trials of NC regimens that incorporate paclitaxel and docetaxel, along with preoperative targeted therapies, such as trastuzumab, found increased breast-conserving therapy and, most importantly, higher rates of complete pathologic response. 21 Patients who achieve a complete pathologic response have better diseasefree and overall survival outcomes. 5 Finally, immediate breast reconstruction is safe from both the surgical and oncologic viewpoints. lyzed the effect of NC on postoperative wound complications in 44 533 patients undergoing breast surgery (2006 receiving NC), finding no significant difference between patients receiving and not receiving NC (3.4% vs 3.1%). Without separating the groups, it is not possible to tell whether there was a morbidity difference among mastectomy, breast-conserving surgery, and breast reconstruction. Schaverien and Munnoch, 3 Selber et al, 26 and Mehrara et al 27 report on NC outcomes of immediate free autologous breast reconstruction. Mehrara et al 27 analyzed 952 patients, of whom 70 had received NC, and found NC to be an independent predictor of minor complications. Selber et al 26 report on 500 patients with free transverse rectus abdominis myocutaneous flaps, 30 who received NC, finding that NC did not increase complications. Schaverien and Munnoch 3 studied 87 patients receiving NC, finding that NC followed by immediate free autologous breast reconstruction had similar complication rates in 30 patients compared with patients not receiving NC. Azzawi et al 6 describe 171 patients undergoing 198 immediate breast reconstructions, including 64 free flaps, 74 pedicled flaps, and 60 implant-only procedures. Fifty-three patients (31.0%) received NC. Patients receiving NC vs the control patients had complication rates of 1.7% vs 2.1% for failed reconstruction, 9% vs 9% for subsequent operation for major complications, and 10% vs 6% for minor complications. In this study, NC does not appear to increase the risk of morbidity after immediate breast reconstruction. Finally, Oh et al 28 review the current literature regarding NC and breast reconstruction. They conclude that NC and adjuvant chemotherapy do not appear to be associated with an increased risk of complications in breast reconstruction. Our study supports the current literature, finding no increase in 30-day postoperative overall morbidity rates in women receiving NC who undergo immediate implant or flap-based reconstruction. However, our finding that NC was associated with lower morbidity in the settings of mastectomy without breast reconstruction and TE reconstruction is novel. Key strengths of our study include the large, prospective, random sample of surgical patients with more than 250 variables. We adjusted extensively for confounding after univariable analysis. The completeness of the data set, the diversity of the patients' settings and demographics, and the broad adjustment used in our model suggest the effect of NC is independent and may not be due to other known risk factors.
There are several limitations in our study. First, NC could have been used more often to treat larger and more aggressive tumors (eg, inflammatory breast cancer). This might affect long-term survival and recurrence rates but less likely postoperative morbidity. Second, the ACS-NSQIP database does not include other variables relevant to outcomes and morbidity, such as the stage of the cancer, tumor characteristics, or a delay in adjuvant chemotherapy initiation. Third, it is possible that some TE and implant surgical site infections will present after the 30-day window captured by the ACS-NSQIP. In fact, the Centers for Disease Control and Prevention recommends that implants have a 90-day surveillance period for ascribing deep incisional or organ space SSI (but superficial incisional SSIs are followed up for only 30 days for all procedure types). Fourth, our cohort of patients receiving NC could be incomplete. The ACS-NSQIP database reports on chemotherapy received 30 days before operation, which may affect exposure group definitions. Thus, some patients receiving NC could have a greater than 30-day interval between the end of chemotherapy and operation. The optimal time between chemotherapy and operation has yet to be defined or standardized. However, a randomized clinical trial 30 found the interval between chemotherapy and surgery to be 14 to 28 days. In addition, a retrospective study 31 conveyed a median interval of 26 days. These data support the categorization of our NC cohort to be appropriate. The mechanisms for NC protection from postoperative morbidity, especially systemic morbidity, within the setting of mastectomy and breast reconstruction are unknown. We hypothesized that the use of NC decreases the tumor size, reducing operation time. Because operation time is a known independent risk factor for morbidity, reduced operation time could lead to decreased overall morbidity. Therefore, the decrease in risk may be mediated by the reduced operation time. For this reason, our multivariable models adjust for operation time to assess the independent effect of NC. Moreover, we observed that women undergoing NC had significantly prolonged operation times (mean, 31.2 minutes) when undergoing mastectomy without breast reconstruction. In immediate reconstruction, operation times were the same regardless of NC status. We believe an explanation for longer operation times could be surgeon bias to a known treatment, exposing chemotherapy patients to a slower and more thorough dissection. Consequently, the plausible protective association remains unexplained, and the mechanisms behind it, along with the surgical and oncologic benefits of NC, warrant further investigation.
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Understanding the effect of NC on reconstruction options is important for shared decision making between the patient and physician. Therefore, we highlight that NC might be particularly beneficial in the TE population and is not associated with harm. On the basis of our results and the current literature, patients receiving NC and electing for reconstruction could most benefit from a TE reconstruction. However, one must also consider the morbidity associated with the expanderimplant exchange, which is performed later, giving the patient and the surgeon time to optimize any potentially modifiable risk factors, such as anemia. Expander-implant exchange complication rates are low, reported at 2.7% in a 1055-patient study. 32 Most postoperative morbidity occurs after the TE insertion (8.5%) rather than the exchange. In addition, Singh et al 33 found lower unplanned subsequent operation rates among women undergoing TE reconstruction vs single-stage reconstructions. Therefore, overall morbidity risk could be optimized using the TE reconstruction method, with comparable 
